Wild ginger (Siphonochilus aethiopicus (Schweinf) B.L Burtt) is used in traditional medicines in the West and South of Africa. In the present study, the crude hexane extract of wild ginger was evaluated for in vitro bioactivity. The components isolated from the plant for the first time are: epi-curzerenone, furanodienone (sesquiterpenes), 8(17), 12E-labdadiene-15,16-dial, 15-hydroxy-8(17),12E-labdadiene-16-al and 16-oxo-8(17),12E-labdadiene-15-oic acid (labdanes). Cytotoxicity determinations using five cell lines: SH-SY5Y (human, Caucasian, bone marrow, neuroblastoma), Jurkat (human, peripheral blood, leukaemia T cell), L929 (mouse, CH3/connective tissue, areolar and adipose tumour cells), Hep G2 (human, Caucasian, hepatocellular carcinoma) and Hs 27 (normal, human, foreskin cells) were carried out. Anti-trypanosomal activity against Trypanosoma brucei brucei (S427) blood stream forms and anti-bacterial activity against Mycobacterium aurum (CIP .104482) were also investigated. Activity against M. aurum was moderate and at 100µg/ml, the crude extract together with the labdanes showed specific cytotoxicity, indicating anti-cancer potency. Anti-trypanosomal activity was observed in the crude extract which increased with the pure components: 8(17),12E-labdadiene-15,16-dial (MIC = 5.3 µM) and the sesquiterpenoids (MIC = 6.9 µM) as compared to suramin activity (MIC = 10 µM). This anti-trypanosomal activity which is being reported for the first time indicates possible usage against sleeping sickness and nagana in cattle.
Introduction
Wild ginger (Siphonochilus aethiopicus (Schweinf) B.L Burtt) is an annual plant of the Zingiberaceae family growing in Nigeria which has purple flowers with white corolla tubes. Between September to December, the shoot withers and falls off. The flowers start shooting out of the ground between April to May after the early rains and appear before the leaves. The tubers or rhizomes are spindle shaped and arranged radially on lateral roots (Burkill, 2000) . The South African varieties have white to bright pink flowers with yellow markings on lip and appear between October to February (Kiew, 1980; Holzapfel et al., 2002) . The rhizomes of both varieties are used medicinally for colds, coughs, influenza, hysteria, infections, wound dressing, fevers and pain amongst other ailments. The Igede people of Benue State in Nigeria also use the rhizome as a spice.
Before the advent of industrially prepared medicines, herbal remedies were commonly prescribed and were often effective. Thus herbs and spices played important, sometimes magical, roles in medicine. In the middle of 2006, the botanical preparation Hemoxin/Nicosan was approved in Nigeria following demonstration of efficacy in clinical trials as a treatment for sickle cell anemia. This mixture of four plants that came from native healer information can be classified as a "true ethnobotanical preparation" (Newman and Cragg, 2007) . Analysis of the sources of new and approved drugs for the treatment of human diseases indicated that natural products continued to play a highly significant role in the drug discovery and development process. Thus biologically active natural products from plants, their derivatives or analogues contributed up to 57% of top selling prescription drugs in the United States in 1997 (Newman et al., 1997) . This dominant role is due to the fact that natural products serve as a lead for the design and synthesis of clinically useful agents. Thus expanding, not decreasing, the exploration of nature as a source of novel active agents that may serve as the leads and scaffolds for elaboration into desperately needed efficacious drugs for a multitude of disease indications is advocated (Newman and Cragg, 2007) .
Many of the Zingiberaceae plants are used as spices and in traditional medicine (Firman et al., 1988; Kirk, 1991; Igoli et al., 2005) . The ethnobotanical use of wild ginger against a wide variety of ailments prompted our investigation of the fresh rhizomes of this plant with a view to isolating the compounds responsible for its medicinal value. We observed that the crude hexane extracts of the fresh plant material showed selective cytotoxicity, significant anti-trypanosomal activity against the African trypanosome blood forms of Trypanosoma brucei brucei (S427) and anti-bacterial activity against Mycobacterium aurum (CIP .104482). It therefore became desirable to isolate the constituents responsible for this bioactivity.
Two eudesmane sesquiterpenoids: 4aαH-3,5α,8aβ-Trimethyl-4,4a,8a,9-tetrahydronaphtho[2,3b]-furan-8-one and 2-hydroxy4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydro-naphtho[2,3b]-furan-8(5H)-one were isolated as the major constituents of the South African variety (Holzapfel et al., 2002) . Efforts to isolate and characterize the constituents of these crude extracts have led to the isolation of the elemane sesquiterpenoid, epi-curzerenone (1), the germacrane sesquiterpenoid, furanodienone (8,12-epoxy-1(10),4,7,11-germacratetraen-6-one) (2) and the labdane diterpenoids: 8(17),12E-labdadiene-15,16-dial (3), 15-Hydroxy-8(17),12E-labdadiene-16-al (4), and 16-Oxo-8(17), 12E-labdadiene-15-oic acid ( Zerumin A) (5). We hereby report on the in vitro activity of the crude extracts and these compounds isolated from the plant for the first time against the test organisms. 
Materials and methods

Plant material
Extraction and isolation of the components
The fresh ground rhizomes (1.00kg) were macerated with GC-grade hexane. The solvent was allowed to dry off in a fume cupboard at room temperature to obtain 5.92g of the crude extract. Column chromatographic separation of the crude extract was performed on 2.00-3.00cm internal diameter glass columns using silica gel MN-60 (Macherey-Nagel GmbH & Co. KG). The column was prepared by pouring slurry of 100g of silica gel in hexane into the glass column then subsequently a dry mixture of the crude extract and silica gel. Elution was gradient-wise with GC-grade hexane -ethyl acetate solvents. The crude extract and column fractions were examined by spots on TLC (Silica gel 60 GF 254 ; Merck) under UV 254 and 365nm before visualisation using Anisaldehyde-H 2 SO 4 chromogenic reagent and heating. Column fractions were collected until no more compounds were isolated. ; Hep G2 at 3x10 4 and Hs 27 at 10 4 cells/well) in DMEM. Fluorescence was determined on a Wallac Victor microplate reader in fluorescence mode (Excitation 530nm; Emission 590nm)
NMR and HRGC-MS analyses
Anti-trypanosomal activity
A modification of the microplate Alamar blue assay to determine drug sensitivity of African trypanosomes in vitro according to (Raz et al., 1997 ) was used. Stock solutions of plant extracts/ isolates were prepared as 10mg/ml in DMSO and serially diluted in HMI-9 medium, the negative control. 10µM suramin was the positive control. Trypanosomes blood forms used were Trypanosoma brucei brucei S427 and the concentrations of trypanosomes were 2 -3 x10 4 trypanosomes/ml. Incubation was at 37ºC, 5% CO 2 with a humidified atmosphere for 48 hours for three replicates made. Alamar blue was used and fluorescence determined on a Wallac Victor microplate reader in fluorescence mode (Excitation 530nm; Emission 590nm).
Anti-bacterial activity
A modification of the microplate Alamar blue method for susceptibility testing of fast growing species of Mycobacterium (Collins and Franzblau, 1997 and Franzblau et al., 1998) was used. Mycobacterium aurum CIP.104482 was subcultured onto Columbia agar slopes (5% horse blood), incubated at 37°and prepared for MIC determination. 1000µg/ml solution of the test compounds in DMSO was serially diluted in MHB (Mueller Hinton broth), the negative control. 6µg/ml ethambutol controls and Alamar blue were used for three replicates made. Fluorescence was determined on a Wallac Victor microplate reader in fluorescence mode (Excitation 530nm; Emission 590nm).
Results
The step-wise gradient elution of the hexane extract with hexane, and hexane-ethyl acetate mixtures yielded five compounds (Figure 1 ) according to their polarity: (1; 44.3mg) first, followed by (2; 107.5mg) isolated by 5% EtOAc, (3; 127.5mg) 10% EtOAc, (4; 74.0mg):15% EtOAc and (5; 10.0mg): 30% EtOAc.
The in vitro activity of the crude extracts and the isolated compounds against the cell lines and the test organisms are shown in Tables 1 and 2 Cytotoxicity assays are widely used by the pharmaceutical industry to screen for cytotoxicity when searching for a therapeutic that target rapidly dividing cancer cells, for instance or to screen "hits" from initial high-throughput drug screens for unwanted cytotoxic effects before investing in their development. The sesquiterpenes epi-curzerenone (1) and furanodienone (2) were not cytotoxic at 100µg/ml. The reported selective cytotoxicity of the diterpenes agrees with our observation of 8(17),12E-labdadiene-15,16-dial (3) and 15-hydroxy-8(17),12E-labdadiene-16-al (4) at 100µg/ml to some of the cells tested. These two diterpenes had moderate effect on Mycobacterium aurum while the sesquiterpenes showed no activity in the antimicrobial tests. The moderate antimicrobial activity thus observed gives an insight to the ethnobotanical usage of the plant as it correlates with the usage against infections and as a wound dressing.
The interesting cytotoxic effects of (3) require further investigation to determine its possible usage as an anti-cancer agent. It had moderate effect on the normal cell line Hs 27 and was especially cytotoxic to Jurkat, SH-SY5Y and L929. The compounds (1) & (2) could be used as anti-trypanosomal agents since they are free of any unwanted cytotoxic effects and have increased activity over the crude extract. Demonstrated MIC values of 6.9 µM for sesquiterpenes (1), (2) and 5.3 µM for diterpene (3) against T. brucei were higher than suramin activity (MIC = 10 µM). This is more interesting as suramin the conventional antitrypanosomal agent is known to be highly nephrotoxic and capable of causing adrenal damage.
Some triterpenoids and sterols are already known to have anti-trypanosomal effects against African trypanosome T. brucei and the South American trypanosome T. cruzi with some lysis (Hoet et al., 2007) . However, the trypanocidal effects of these sesquiterpenes, diterpenes and the crude extract of wild ginger (Siphonochilus aethiopicus) against African trypanosome T. brucei bloodstream forms have not been previously reported. This anti-parasitic effect could explain its traditional usage as a febrifuge since sleeping sickness and malaria both parasitic in origin are major causes of fevers in sub-Saharan Africa. The first stage of sleeping sickness or the haemolymphatic phase entails bouts of fever, headaches, joint pains and itching.
The fresh rhizome and the pure compounds may therefore be used medicinally against sleeping sickness as the rhizome is already widely used in Benue State of Nigeria. It could also find possible usage against nagana in cattle since the rhizome has a milder flavour than the "hot" gingerol containing ginger (Zingiber officinale) and could therefore be more palatlble.
